Curved screen display image is deformed. Therefore, a geometric model for correcting image pixel position based on the viewpoint projection is proposed to correct the distorted image. The method is that the pixel J in the plane screen is mapped to the position I of the curved screen, and then the viewpoint D is intersected with the plane screen H position at the curved screen position I, finally the texture coordinates of the position H are corrected to the texture coordinates of J. In the OSG environment, the map is rendered by the camera and displayed on the screen in real time, and the corrected image is obtained by the viewpoint D. Results show that the corrected image is not deformed compared with the original image. After correction, the image returned to normal and the curved screen visual distortion problem is solved.
INTRODUCTION
Curved screen has become one of the most popular keywords in the current display industry. [1] [2] In many virtual reality applications, surface displays are often used to enhance the penetration of virtual environments. 3 Geometric distortion occurs when computer generated images are mapped onto curved screens. In order to enable the observer to see the normal image, the geometric distortion processing of the computer generated image has become the primary problem to be solved in the display industry. There are many domestic and foreign scholars put forward the viewpoint for geometric correction method of projection, a method to correct the distortion of surface projection image by two-dimensional projection images was proposed by Michael et al. 4 , which with insufficient accuracy; Zhang et al. 5 put forward that the projection surface is segmented equidistantly in the polar coordinate system, and then the distortion correction of the surface projection image is realized by using the texture map method. The method is simple in operation and fast in speed, but the correction accuracy needs to be improved; Raskar 6 proposed a method of geometric correction using two quadric surface equations; Xiaochao et al. 7 used a projection geometry correction method for complex surfaces; Sajadi et al. 8 proposed a new nonlinear optimization algorithm for surface correction. In this paper, the viewpoint projection method is used to correct the position of the pixel based on the viewpoint mapping, so that the mapping of the plane map to the curved screen visually presents the effect of the plane image without bending deformation, and the distance from the pixel to the viewpoint of each line on the curved screen image is equal, consistent with human visual effects. The correction method has low hardware requirements, real-time performance and high accuracy of correction, and can be applied to the geometrical distortion of arc-shaped curved screen with curvature.
GEOMETRIC CORRECTION MODEL OF CURVED SCREEN
Compared with the traditional flat panel display, the most important thing about the surface display is to read the curvature of the surface display. Second, attention needs to be paid to the size of the display, from which the length L of the display can be obtained. For computer-generated image of a viewpoint mapped onto the curved screen without distortion needs to be corrected texture coordinates. Texture coordinates are based on the upper left corner as a starting point, from left to right to establish X-axis coordinates, from top to bottom to establish Y-axis coordinates. It is known that the curvature radius DG of the surface display is R, the width ′ O FE is L, and the limit L < 2R . The center of the circle with a radius of R is selected as the viewpoint D, and the image is corrected according to the point of view, as shown in Figure 1 and Figure 2 . From the known θ 0 > 0 , θ 0 can be obtained:
The vertical distance D from the center of the screen to the flat screen DF is h :
The full arc length ′ O GE of the curved screen is recorded as L:
The ratio of the point of X-axis texture coordinate x on the plane screen to the curve arc length l of the point on the screen of the corresponding uncorrected curved surface:
The relationship between x, y ( ) and ( ′ x , ′ y ) is as follows:
Thus, the texture coordinate ( ′ x , ′ y ) of point J is:
From the formula (8) (9), it is known that the relationship between x and ′ x is only related to the values of R and L, and the relation between y and ′ y is not only related to the values of R and L, but also on the value of x . It indicates that the change of the X-axis texture coordinate is only related to the row where the pixel is located, and the change of the Y-axis texture coordinate is related to the row and column in which the pixel is located. However, only the curvature R of the curved screen and the width L of the display need to be changed, so that the geometric distortion correction on the screen of the inferior arc curved surface can be applied.
GEOMETRIC CORRECTION EXAMPLE AND ALGORITHM ANALYSIS

Calibration process
From the above geometric correction model analysis, we can draw the overall steps of geometric correction model of the curved screen as follows:
1. According to the curvature and size of the surface display, set program parameters and enter values.
2. According to the viewpoint projection model, the projection function is used to establish the mapping relationship of the curved screen display plane graph.
3. Set RTT camera, the content of its rendering to a texture, do not need to be rendered into the scene.
4. The HUD camera is set up to display the texture of the RTT camera in the last step, and the texture coordinates designed by the geometric correction model of the curved screen are rendered to the screen in the form of HUD.
5. Complete all geometric correction procedures. To sum up, the correct way is to render the scene to the texture and paste it on a well-designed texture coordinate node. The overall screen geometry correction curve shown in Figure 3 . 
Calibration test and result analysis
In this paper, the test is performed on a curved screen with a curvature of 1800R and an arc of 68 degrees. Curved screen cylinder radius of 1.8 meters of 68 degrees, the screen chord length is L=201.3cm and the arc length is L=213.6cm. First, enter the corresponding parameters in the OSG program. Then set the RTT camera to a perspective projection, the graphical viewport settings into rectangular areas of 1920*1080, the camera in the scene to render the viewport, as texture and used as color buffer. Finally, the HUD camera is set as orthogonal projection and the array of texture coordinate vertices processed by the geometric correction model is passed to the geometric object, so that the texture output by the deformed RTT camera is added to the HUD camera and rendered into the window in real time. By the way, the scene that is rendered first in the program tends not to appear in the scene at the end, and is overwritten by the post-rendered scene. Use the setRenderOrder function to set the RTT camera to render first and HUD to last render. Therefore, the geometric correction of the curved screen is completed.
In this test, a grid diagram with a square shape is selected as the evaluation index of the drawing effect of the picture. In the laboratory standard environment light source, the camera is used to simulate the human eye to obtain the picture, and fixed on the center view of the curved screen to get the effect as shown in figure 4 . Figure 4 (a) is the display effect of the original plane grid picture on the curved screen. From the viewpoint observation, we can see that the upper and lower boundaries of the grid map are concave, the left and right sides are elongated, the middle is compressed, and the grid line is bent. Figure 4 (c) maps the original plane picture to the picture display effect on the curved screen. We can see the serious compression of the car in the graph. Figure 4 (b) for the corrected surface of the grid screen display, can be seen from the figure grid on the picture shows normal, no deformation and stretching. 
CONCLUSION
According to the geometric correction model of viewpoint mapping, the calibration test of curved screen is carried out. By the mapping relation between the plane-to-surface pixel mapping and surface-to-plane viewpoint mapping, the display effect of the image on the curved screen is the same as the plane screen, and the distance between the pixels of each line of the image and the viewpoint is equal, which is more suitable for human vision. The problem of visual deformation is solved. From the above experiments and results, we can see that the geometric correction model has the advantages of fast speed, flexible use and high accuracy of correction. The model only need to change the display surface curvature and simple geometric width, can be applied to the minor arc curved screen distortion correction, convenient use, easy to spread and with high precision.
